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ABSTRACT
MONOLINGUAL VERSUS BILINGUAL USE OF CONTEXT TO FACILITATE SPEECH
RECOGNITION IN BACKGROUND NOISE: A SYSTEMATIC REVIEW
By
Rachel Abucasis
Advisor: Meital Avivi-Reich, PhD
Introduction: Previous literature has shown that bilingual listeners face more challenges than
monolinguals during speech recognition in adverse listening conditions. As noisy environments
degrade the acoustic stimuli and leave the listener with a partial or ambiguous signal to pair to a
lexical representation, it is not possible to do so with the acoustic and phonological features
alone. Bilinguals consistently use a significant amount of their cognitive resources during the
early stages of speech processing, partially due to their need to navigate between the two
languages. With exhaustion of most of their cognitive resources, there is limited capacity
available to use higher-order processes, such as linguistic knowledge or semantic context in
order to facilitate accurate recognition of the input signal when in noisy environments. The goal
of this review was to determine the effect of linguistic background on the use of semantic context
to enhance second language (L2), particularly English, speech recognition in adverse listening
conditions. More specifically, this review examined the use of semantic context to enhance
speech recognition by both bilinguals, with different Age of Acquisition (AoA), as well as
monolinguals when listening in noise.
Methods: 12 studies that investigated the use of semantic context to enhance speech recognition
in monolingual and bilingual listeners were selected for this review. We were specifically
interested in bilinguals with English as a L2.
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Results: Of the 12 studies included in this review, seven studies assessed monolinguals and
bilinguals. Of these seven studies, five found that monolinguals were able to use semantic
context clues better than bilinguals to facilitate accurate speech recognition in noisy
environments. Most of the studies which pointed to poorer semantic context use in bilinguals
evaluated subjects with later AoA. In addition, five of the 12 studies assessed the effects of AoA
of the L2. Four of these studies determined that bilinguals with earlier AoA are better able to use
semantic context to facilitate speech recognition in adverse listening conditions.
Discussion and Conclusion: As the definition of bilinguals and bilingual subgroups vary
according to different researchers, it is difficult to analyze the results without consideration for
AoA. Analysis of our results suggest that bilingual use of semantic context is modulated by
AoA. Most of the literature reviewed that points to poorer semantic context use in bilinguals
compared to monolinguals used bilingual subjects with late AoA.
Conclusion: It seems that the earlier the AoA, the better bilingual individuals are able to use
semantic context to facilitate speech recognition in noisy environments.
Key Words: “bilinguals,” “monolinguals,” “semantic context,” “context use,” “age of
acquisition,” “speech recognition in noise,” and “second language.”
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INTRODUCTION
Speech understanding is a common daily task which occurs as a seemingly effortless
process. However, the underlying cognitive and perceptual processes that take place along the
auditory system are quite complex. Spoken language comprehension involves encoding an
acoustic signal, matching it to the right phonological representation stored in long-term memory
(LTM), retrieving the associated semantic information and integrating it with the preceding
information (Schmidtke, 2016). Speech understanding in difficult listening environments,
however, requires even more listening effort than speech understanding in quiet. Reetzke, Lam,
Xie, Sheng, and Chandrasekaran (2016) explain that successful communication in challenging
listening conditions requires a combination of perceptual, cognitive, and linguistic processes.
When a person hears a word, he or she first hears the initial sound of the word then the middle
sound and then the final sound, rather than the entire word all at once: the sounds arrive in
sequence. The language system in the brain begins to guess what the word that is being heard
might be from the moment it hears the initial sound and as it unfolds. In doing so, it activates
numerous words that match the signal, beginning with words that are triggered by phonological
information available. In the early stages of word recognition, if a person hears the word “man,”
he or she will likely activate words like “mantle” and “mankind.” As more information becomes
available as the word unfolds, some of the activated words are eliminated until the target word is
the last one remaining, resulting in recognition of what was said (Marian & Shook, 2012;
Lecumberri, Cooke, & Cutler, 2010). When the bottom-up signal is degraded to where the
phonemes are no longer distinguishable due to the noise, listeners must rely on top-down
processing to utilize other information and cues in the message (Lucks Mendel & Widner, 2016).
In order to do so, the message is analyzed in a way where listeners must use context and
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linguistic knowledge to fill in any missing information. Thus, the presence of background noise
further increases cognitive load.
For bilingual listeners, recognizing speech occurs similarly to monolingual listeners,
except that all the more effort is needed as they are faced with more constraints in doing so. First,
bilingual individuals are believed to be less sensitive to the phonetic contrasts that monolinguals
are subconsciously aware of due to the reduced exposure to all of the acoustic-phonetic cues in
the target language. Bilinguals do not appear to have as specific distinctions for second language
(L2) phonetic representations (Bradlow & Alexander, 2007; Marian, Blumenfeld, & Boukrina,
2008). Therefore, when filtering out the activated words in their lexicon that do not match the
target word, their reduced ability to detect acoustic phonetic cues in the target language, does not
allow them to do so as efficiently as monolinguals. Second, it seems as though when a bilingual
individual uses one language, the other language is simultaneously active in the background. In
bilingual listeners, auditory input activates corresponding words in both active languages,
regardless of the language to which the input belongs (Marian & Shook, 2012). This creates
much more competition in the process of selecting the target word. This is referred to as crosslinguistic competition (Morini & Newman, 2020). Resolving this cross-linguistic competition
requires cognitive skills like attention and inhibition. (Marian & Shook, 2012). Attentional
control refers to the need to select a correct form that matches the linguistic criteria of the word
using every piece of linguistic information that is available as the word unfolds. Inhibition refers
to the essentially simultaneous act of inhibiting the words activated that do not match the
linguistic criteria of the target word. During speech recognition, bilingual individuals constantly
exercise their attentional and inhibition skills in order to navigate their two languages, resulting
in higher cognitive demand during the early stages of speech processing (Marian & Shook,
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2012). In noisy environments, when the acoustic signal is degraded, the ambiguity of the
acoustic input increases the challenge of narrowing down the options activated in the lexicon to
finalize the decision of the word being heard (Lucks Mendel & Widner, 2016). At this point, the
partial signal is not able to be deciphered based on the acoustic input or the phonological
information alone. Higher-order processes should be recruited to assist speech recognition in
such noisy environments (Morini & Newman, 2020; Coulter et al., 2020). However, the
cognitive demand that bilinguals experience during speech recognition is much greater than that
of monolinguals as they are constantly using their cognitive resources (i.e. attention and
inhibition) to navigate between the two languages. This higher cognitive demand nearly depletes
their cognitive resources, limiting the capacity of what is left to be used on higher-order
processes in order to ultimately process the speech (Volk, Kohler, & Pudelko, 2014; Kousaie et
al., 2019). Therefore, availability of cognitive resources in bilinguals may be limited, and
whether they can use top-down processing such as linguistic knowledge, semantics, and other
linguistic processes to finalize the decision, is questionable (Coulter et al., 2020). Even more so,
bilinguals’ cognitive resources are said to be used up much faster than monolinguals, but
especially when functioning in their L2 (Mayo, Florentine, & Buus, 1997). All the more so,
involvement of working memory is important in the bilingual process of speech recognition as
they need to hold on the remaining options in the lexicon when narrowing down the activate
lexical representations (Borghini & Hazan, 2020). When listening in noisy environments, there is
more reliance on the working memory and cognitive functions, further increasing the cognitive
load. If most of the cognitive resources are used up during the early stages of speech recognition,
bilingual listeners might not have enough remaining in order for them to use their linguistic
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knowledge when they are still left with more than one option when trying to match the acoustic
input to the lexical representation.
The ongoing processes of activation and inhibition that bilinguals consistently practice in
order to comprehend speech is part of what differentiates between bilingual and monolingual
speech comprehension (Bialystok, 2009). The constant practice of activation and inhibition may
also be the source of the advantages of being bilingual, while contributing to the cost of being
bilingual. Before elaborating on the benefits and costs of bilingualism, and how those might
affect the strategies used by listeners when listening in noise, it is important to define what it
means to be bilingual, as the definition can be rather ambiguous.
Who is Considered a Bilingual?
Bilingualism is defined as the knowledge of two languages but can refer to varying
proficiency levels of each language, depending on the individual. Franson (2011) emphasizes
that to be a bilingual means different things to different people. One may consider himself
bilingual if he can converse in at least two languages, while another may consider himself
bilingual if he/she is fluent in one language and only fully comprehensive in the second
language. Byers-Heinlein and Lew-Williams (2013) define bilingualism as the ability to use two
languages in daily life. The variability in how bilingualism is defined is exemplified in the
studies included in this review as they vary in both their criterions for bilingualism as well as
their methods of determining participants level of proficiency in either or both languages. In
some cases, proficiency tests such as, letter fluency and category fluency tasks were used.
However, in most studies reviewed, the participants were asked to rate their own fluency or
proficiency in the languages, while in some, they are assessed by interview and/or a
questionnaire. For example, one study by Tabri, Chacra, and Pring (2010) define bilinguals as
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individuals who acquired their L2 before age six and are “fluent” in both Arabic, their native
language (L1), and English, their L2. In this case, the participants’ English was assessed by a
speech- language pathologist during a face-to-face interview and only participants whose English
was judged as highly fluent were included in the study. Another study by Skoe and Karayanidi
(2019) evaluated their bilingual subjects through a survey about their bilingual background and
language exposure, in which the applicants rated their ability to use each language and their
proficiency in both English and all other languages that they knew. All participants rated their
use of English as “native-like” and were first exposed to both of their languages before age nine.
Furthermore, a study by Reetzke et al. (2016) examined the extent to which various unfavorable
listening conditions result in differences in speech-in-noise performance between monolingual
and simultaneous bilingual children. They defined “simultaneous bilingual” as individuals who
acquired English before or up to age three. In this study, the parents filled out a questionnaire on
which they had to rate their child’s comprehension and speaking proficiency; all children were
rated as highly proficient in terms of comprehension and verbal ability of both languages.
Clearly, researchers use different methods to evaluate the proficiency levels at which bilinguals
speak each language. Proficiency may be one of the influential factors which contribute to the
ultimate determination of whether an individual can be considered bilingual or not. However, the
methods mostly observed in the literature, such as interviews and questionnaires, seem to be
rather subjective than a standardized definitive tool used to determine whether or not the
individual should even be considered bilingual. Often times, the individual is only self-reporting
his use and comprehension of the language.
Since the year 1980, the U.S. Census Bureau has been asking if more than one language
(English) is spoken at home and, if so, to rate the proficiency in the second language. Although
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the number of people accounted for on these surveys exclude children under five years old and
the question refers only to second language exposure accruing inside the home, it helps to get an
idea of how the prevalence of bilingual individuals has increased since the year 1980. In 1980,
the percentage of bilinguals in the U.S was registered as 10.68% of the U.S. population, while in
2018, the ACS survey found that 20.55% of the U.S. population is bilingual, which adds up to 63
million people, as reported by Grosjean (2018). More specifically, in 2018, almost half the
inhabitants of America’s five largest cities, New York City, Los Angeles, Chicago, Houston, and
Phoenix, spoke a language other than English at home (Zeigler & Camarota, 2019). It is expected
that by the year 2035, 50% of California kindergarteners will have grown up speaking another
language in addition to English (Garcia, McLaughlin, Spodek, & Saracho, 1995).
Bilinguals may also differ in respect to the age at which each language was acquired.
Thus, there are different types of bilingualism: simultaneous bilingualism is often referred to the
acquisition of two languages at the same time, both before the age of three, while sequential
bilingualism is when the subsequent language is introduced to the child after acquisition of the
first language (L1). Sequential bilingualism is also referred to as L2 acquisition or successive
bilingualism; children who exhibit this type of bilingualism are generally referred to as “English
language learners” (Paradis, Genesee & Crago, 2011). In the literature, the term ‘bilingual’ refers
to individuals who may fall into either one of these categories. Even more so, different
researchers use their own criteria to further classify bilinguals into different subgroups based on
their L2 Age of Acquisition (AoA). The lack of a universal method to classify or define
bilinguals contributes to the ambiguity in the research when it comes to generalizing conclusions
in research about bilingualism, because it appears that there is not one commonly used definition
for identifying one as a bilingual.
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In the studies referenced in this review, the criterions for qualifying as a bilingual are
mostly dependent on AoA. For example, Schmidtke (2016) only included individuals who
acquired English as a second language up to age 8 years old and referred to them all as “early
bilinguals.” Kousaie et al. (2019) included highly proficient bilingual subjects with different
subgroups for AoA. She considered simultaneous bilinguals anyone who learned their second
language from birth, early bilinguals as anyone who learned their second language between the
ages of 3 and 5, and late bilinguals anyone who learned their second language between the ages
of 6 and 9. This shows that the variability is not only in who is considered a bilingual, but also in
the definition of the different bilingual subgroups when classifying subjects based on AoA.
Taking into consideration the variety of languages different participants speak, the
different ways in which they may have been exposed to those, and the different AoA, highlights
the challenges of studying the highly varied population of bilingual children and adults. The
significant differences in the inclusive criterions found in the literature should be addressed when
attempting to review and integrate the information currently available.
The Advantages and Disadvantages of Bilingualism
Throughout the twentieth century, there were varying opinions on the advantages and
disadvantages of bilingualism. It was initially believed to result in cognitive disadvantages as
introducing a second language to a child would confuse them (Antoniou, 2019). Antoniou (2019)
pointed out that a possible reason why many studies in the early 20th century supported this
conclusion was because these studies did not control for confounding factors such as age,
English proficiency, and socioeconomic status (studies such as Saer, 1923; Yoshioka, 1929;
Goodenough,1926). Years later, however, Peal and Lambert (1962) conducted a study in which
they controlled for several such confounding factors and determined that bilingualism leads to
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cognitive advantages. They found that bilingual children outperformed monolinguals on both
non-verbal tests, such as, Raven (1956) Progressive Matrices Test and the non-verbal portions of
the Lavoie-Laurendeau (1960) Group Test of General Intelligence, as well as some verbal
intelligence tests, such as Thurstone (1954) Primary Mental Abilities test and the verbal portions
of the Lavoie-Laurendeau (1960) Group Test of General Intelligence. Since Peal and Lambert’s
study, there has been accumulating evidence supporting the existence of a “bilingual advantage”
(Bialystok, Craik, Klein, & Viswanathan, 2004; Bialystok, 2009; Marian & Shook, 2012;
Antoniou et al., 2015). Some areas in which there has been a “bilingual advantage” exhibited are
executive function (Bialystok et al., 2004), metalinguistic awareness (Cummins, 1978), phonetic
perception (Antoniou et al., 2015), cognitive flexibility (Adi-Japha et al., 2010), creative thinking
(Lee & Kim, 2011), and even delayed onset of dementia (Bialystok et al., 2007) (for more
information see review by Antoniou, 2019). Bialystok (2009) elucidates that these linguistic and
cognitive benefits and this “bilingual advantage” is due to the constant practice of attentional
control and inhibition, which were previously explained. Marian and Shook (2012) also discuss
the bilingual advantage exhibited in conflict tasks and executive functions, such as selective
attention and cognitive flexibility tasks. One example of bilinguals outperforming monolinguals
on such tasks is in the Stroop task. In the Stroop task, words are written using font in different
colors, and the individual is asked to name the color of the font in which the word is written.
People correctly name the color more quickly when the word and the color match (i.e. the word
“blue” written in blue font) than when the word and the color in which it is written don’t match
(i.e. the word “blue” written in green font). Since the word itself and the color in which it is
written conflict, people have more difficulty, as more cognitive resources are needed to ignore
the actual word and just focus on the color in which it is written. Bilinguals have been found to
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perform better on such tasks likely because the same inhibitory control that is required to
complete such a task, is exercised more frequently in their daily life.
Another area of executive control in which bilinguals demonstrate proficiency is shifting
or switching between two tasks. Bilingual speakers have to decide when and how to switch
between their two languages. A study by Prior and Macwhinney (2009) examined how
bilingualism could also enhance the ability to shift efficiently between mental sets. They tested a
group of monolingual and bilingual college students who learned a second language before age
six and use both languages continuously. In order to avoid using linguistic information that
might interact with the participants’ language experience, they utilized a graphic task switching
paradigm with colors and shapes. During this task, participants initially watched a blank screen
while a task cue appeared onto the screen: color gradients for the color task and small black
shapes in a row for the shape task. While the task cue remained on the screen, red or green circle
or triangle targets subsequently appeared on the screen, which the participant had four seconds to
identify. The participants performed a mixture of non-switch trials, during which they were
required to perform either the color or shape task independently, and switch trials, during which
the task was mixed and the participant would alternate between identifying a color and a shape.
They found that bilinguals and monolinguals performed identically on non-switch trials while
bilinguals performed much faster than monolinguals on switch trials. All of these benefits that
bilinguals exhibit are likely a result of the actions they perform daily to manage the two
languages they speak.
Despite all the aforementioned benefits of being bilingual, it still comes at a cost. In
looking at bilinguals with differing AoA, it seems as though the later the AoA, the poorer the
ability to process speech in background noise. Reetzke et al. (2016) examined the extent to
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which speech in noise performance in monolingual and simultaneous bilingual children was
modulated by different listening conditions such as audio-only and audiovisual modalities,
different masker types such as steady-state pink noise and two-talker babble, and a range of
signal-to-noise ratios between 0 and -16 dB. They found no difference in performance between
monolingual and simultaneous bilingual children, who acquired English up to age three, in each
combination of presentation modality, masker, and signal to noise ratio (SNR). Mayo et al.
(1997) found that bilinguals who acquired English before the age of six showed better sentence
comprehension in babble noise compared to individuals who acquired English later in life, postpuberty. However, none of the bilinguals performed as well as monolinguals on the task (Morini
& Newman, 2020). Thus, it is clear that bilingual speech recognition in degraded listening
environments is not as efficient as monolinguals, however, the extent to which it is affected
appears to be modulated by L2 AoA. This is one of the disadvantages that seemingly comes with
being bilingual.
The process of speech recognition in background noise utilizes lexical retrieval abilities
(Skoe & Karayanidi, 2019). Research investigating verbal fluency and lexical retrieval has
shown poorer performance in bilinguals relative to monolinguals (Bialystok, 2009; Reetzke et
al., 2016). Findings by Skoe and Karayanidi (2019) reveal that, compared to monolinguals,
bilingual individuals are at a disadvantage when performing tasks of speech recognition in noise
due to poorer lexical retrieval abilities. The literature suggests that poorer lexical retrieval
abilities in bilinguals may be due to the use of more cognitive resources and the greater linguistic
processing demands that are required to navigate the competition between the two lexicons
during language perception and comprehension (Reetzke et al., 2016; Schmid & Kopke, 2017).
Furthermore, it seems that the difficulty is greater when recognizing speech in their L2 compared
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to their L1 (Shi, 2010; Golestani et al., 2009). However, they may even be at a disadvantage in
their L1, in comparison with monolinguals (Skoe & Karayanidi, 2019). In addition, there is
evidence that as L2 is introduced, L1 attrition begins to occur (Schmid & Kopke, 2017). This
means that pre-existing linguistic knowledge of L1 becomes less accessible and/ or the
production and comprehension is altered as a result of the acquisition or presence of L2 (Schmid
& Kopke, 2017). Therefore, it seems as though the addition of the L2 not only leaves the
individual with linguistic difficulties in the L2, such as reduced lexical access abilities, but also
affects one’s performance in the L1.
Another contributing factor to this disadvantage is believed to be the fact that the words
in a bilingual’s lexicon are activated with much lower frequency than those in a monolingual’s
lexicon (Schmid & Kopke, 2017). When bilinguals learn two languages, naturally, more words
are heard less frequently. It appears that they inherently have more lexical entries for all of the
translated words in each lexicon which share the same lexical concept. For example, the word
“food” shares the same concept with its Spanish equivalent translation of “la comida,” however,
each of those words have their own lexical entry. Each of these words are activated less
frequently than the single word “food” is activated in a monolinguals lexicon. This may
potentially result in weaker storage and word-knowledge causing more lexical competition in
bilinguals (Morini & Newman, 2020). The theory of reduced frequency exposure affecting
lexical retrieval abilities is expressed in the weaker-links hypothesis by Gollan et al. (2002, 2005,
2008). It specifically explains that as a result of reduced language experience, all words in a
bilingual’s mental lexicon will be experienced less frequently compared to a monolingual
speaker. Frequency effects, in general, are prevalent in language processing. Word frequency
particularly affects lexical retrieval times and recognition accuracy for words presented in noise.
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(Schmitdke, 2016). Therefore, bilingual listeners reduced frequency exposure appears to affect
their speech recognition abilities in noise. Hence, in noisy environments, when the bottom-up
signal is partial or ambiguous, the listener must rely more on non-auditory processes and other
top-down linguistic information, such as semantic context clues, to enhance speech recognition
(Skoe & Karayanidi, 2019). Research shows that in adverse listening conditions, monolingual
listeners can use semantic context cues in a sentence to increase the chance of correctly
recognizing the words in the sentence as well as the sentence as a whole. (Boothroyd &
Nittrouer, 1988; Shi, 2013).
Context Use
As a word unfolds and the challenging listening conditions interfere with the process of
speech recognition, a listener cannot rely on acoustic information alone in order to be able to
match the signal to a lexical representation and finalize the decision of what is being heard
(Coulter et al., 2020). Higher order processes, such as use of linguistic knowledge or semantic
context, facilitate speech recognition in adverse listening condition. Although there are other
types of context, such as visual cues (Reetzke et al., 2016), used to enhance speech recognition in
the literature, this review mostly includes studies that use auditory semantic cues in their
procedures. Extensive research uses the speech perception in noise (SPIN) test (Kalikow et al.,
1977; Bilger et al., 1984) to assess differences between monolinguals and bilinguals in their use
of semantic context in facilitation of speech recognition in difficult listening environments. The
SPIN test requires participants to repeat the last word of each sentence that is presented in
background noise. The final word is either of high predictability (HP) or low predictability (LP).
In the HP condition, the final word can be deduced from the context established by the preceding
words in the sentence, and in the LP condition, there is no semantic contextual information. For
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example, ‘‘The bear gave a ferocious growl’’ (HP final word) versus ‘‘He is thinking about the
growl’’ (LP final word). The sentences are presented in different levels of background noise,
manipulating the SNR, creating low-SNR and high-SNR, allowing us to determine how the
degradation of “bottom-up” speech input interacts with “top down” knowledge of higher-level
linguistic information (Golestani et al., 2009). Comparing performance on the low- and highSNR conditions can give insight into the auditory processes contributing to speech understanding
in noise. (Skoe & Karayanidi, 2019). Boothroyd and Nittrouer (1988) explain that aside from
“bottom-up,” phoneme-based errors, as the noise degrades the acoustic signal, misrecognition of
sentences may also result from the inability to use higher-level, “top-down” cues, such as
semantics, effectively. Furthermore, bilingual listeners, are not only affected by acousticphonetic information more than monolinguals, but their challenges in using higher-level
linguistic processes, such as semantic context, are also increased (Shi, 2013). Shi (2013) used the
SPIN to test 10 monolingual and 33 bilingual listeners (late English learners) to determine
effective use of semantics in adverse conditions in monolingual versus bilingual listeners. Shi
(2013) found that the severity of acoustic degradation did not affect semantic use in
monolinguals but that bilinguals performed significantly worse in conditions that were more
acoustically degraded. In terms of context use, he found that both monolingual and bilingual
listeners benefitted from semantic context, but that the extent of the improvement using semantic
cues was much greater for monolinguals than bilingual listeners in noise. It seems as though
bilinguals experience a breakdown in the ability to use context to facilitate speech recognition in
severely degraded listening conditions as the extent to which they benefit from the semantic
context seems to significantly decrease as the listening condition further degrades. A possible
reason for these increased difficulties in noise may be the higher cognitive demand that
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bilinguals already experience during the early stages of speech recognition (Kousaie et al.,2019).
However, as the cognitive load is so great, and much of their cognitive resources are depleted at
the early stages of speech recognition, and much quicker than monolinguals, bilinguals may not
have sufficient cognitive resources available to use higher order processing, such as linguistic
knowledge and semantic context to facilitate speech recognition (Mayo et al., 1997). Thus, even
if a bilingual listener may attempt to use other top-down information to assist with speech
recognition when a target signal is degraded, it is expected to be much more difficult to do so
compared to monolinguals.
Given the exponential growth of the bilingual population in the U.S. and the world, it is
important to investigate and understand the different obstacles monolingual and bilingual
individuals face when attempting to understand speech in adverse listening conditions given that
people are often trying to analyze what is being said while filtering out accents, competing
signals, and other external factors further complicating the situation. Therefore, we aim to
investigate the bilingual ability to use semantic context to facilitate speech recognition in adverse
listening conditions, in comparison with monolinguals, and with consideration of bilingual L2
AoA, specifically with English as L2.
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METHODS
The following description explains the methods used to select the studies included in this
review. The search words used were chosen to maximize the number of articles found that would
be relevant to monolingual versus bilingual speech perception in background noise with
emphasis on context use. Search phrases in the City University of New York (CUNY) Library
database included “bilingual speech perception in noise,” “bilinguals use of context,” “speech
recognition,” “speech understanding,” “bilingual use of semantics,” “context use to facilitate
speech recognition,” and “second language acquisition.” Inclusion criteria for studies included in
this review required that the study assessed effectiveness of semantic context regardless of
whether this was the main purpose being researched or a secondary goal. It was also a
requirement for the bilingual individuals’ second language to be English. There was no specific
limitation as to what languages were considered for the non-English language. Studies were not
limited to a specific age group or testing paradigm. Testing only had to be performed in English
regardless of whether it was also performed in the non-English language. Furthermore, existing
literature reviews were also excluded. The application of these criteria resulted in 12 studies
reviewed in this paper.
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RESULTS
All studies in this review included an outcome measure that assessed the influence of
context use on speech recognition in noise. Seven studies compared performance between
monolinguals and bilinguals (one of which also extended the comparison to trilingual
individuals), three studies compared performance among a group of bilinguals in their native and
non-native language, and five studies compared performance between bilinguals that differ in
second language AoA (two of which included a monolingual group as well). The bilingual
participants were classified based on their AoA. The groups were divided using terms such as
“simultaneous bilingual” to represent bilinguals who were exposed to their L2 from birth, “early
bilingual” to represent those who were exposed to the L2 prior to a certain age depending on the
criteria of the study, and “late learners” or “late bilinguals” referring to participants who were
exposed to the L2 after a certain age, which also varied by study. Shi (2010) also included a
“very late bilingual” group, which referred to participants who were exposed to their L2 at 22
years old or after. Each study included a variation of these subgroups, for example, Reetzke et al.
(2016) studied only monolinguals and simultaneous bilinguals, while Shi (2010) studied all
bilingual subgroups mentioned above. More detail on which participant subgroups were included
in each study can be found in Figure 1.
Mayo et al. (1997) used “bilingual since infancy” (BSI) to represent those that were
exposed to their second language from birth, “bilingual since toddler” (BST) to represent those
that were exposed to their second language before six years old, and “bilingual post puberty”
(BPP) to represent those that were exposed to their second language after 14 years old. For the
purposes of this paper, these groups will be renamed as “simultaneous bilinguals,” “early
bilinguals,” and “late bilinguals,” respectively. Similarly, in a study by Shi (2010), the bilingual
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participants were categorized by AoA using terms such as, “native bilinguals,” “non-native
early,” “non-native late,” and “non-native very late.” For the purposes of this review, these terms
will be replaced with “simultaneous bilinguals,” “early bilinguals,” “late bilinguals,” and “very
late bilinguals,” respectively. Additionally, the different studies reviewed use different terms
such as “related/unrelated,” “high/low predictability,” and “context use” to describe testing
conditions which used or didn’t use context in the behavioral procedures. For the purposes of this
review, “use of semantic context” will refer to the variable of context use and all conditions
which used semantic context as part of the sentence or word recognition task to facilitate speech
recognition in noise will be referred to as “high predictability” (HP) and any sentences or word
recognition tasks that did not use any semantic context to influence performance on the task will
be referred to as “low predictability” (LP). Furthermore, a “benefit from semantic context” is
determined by an improvement in performance on behavioral testing from LP stimuli to HP
stimuli. Additionally, second language learners are often referred to as “L2 learners” or “nonnative listeners;” however, both of these terms will replaced with the term “bilingual” while
natives will be referred to as “monolinguals.” Lastly, “L1” will refer to a bilingual individuals’
first language, while “L2” will be used to refer to the second language that was acquired, or
English, for the purposes of this paper.
Figure 1 demonstrates the number of participants in each group and subgroup of
participants within each study. The visual impression depicts that most studies used late
bilinguals in their subject group, however, Table 2 displays the AoA that each study considered
the age criteria for the different subgroups of bilinguals. Schmidtke (2016) had the largest
sample size and Shi (2010) had the most AoA variability in the bilingual group.
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Figure 1
Number of Participants per Study by AoA Sub-Group

Figure 1. The X- axis represents the total number of participants included in each study. The Y
axis represents the different studies reviewed, listed by author in alphabetical order from bottom
to top. The colors represent the different participant groups and subgroups. The numbers
overlaying the colors in each row represent the number of participants in that participant
subgroup.
The study characteristics and demographics, including the total number of participants in
each language (monolingual, bilingual) group or subgroup (simultaneous, early, late, very late
bilingual), mean age (standard deviation), and subject inclusion criteria, for all 12 studies are
displayed in Table 1. Of the 12 studies, eight evaluated young adults and adults between 18 and
54 years old, one utilized children between seven to ten years old, and three studies did not list
the age of their participants.
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Table 1
Study Design Characteristics
Author

Coulter et
al.
(2020)

Number of
Participants
(n)
MON: B
57
0:57
SIMULT: 19
EB: 20
LB:18

Mean Age (SD)
in years
MON: B

Subject Inclusion Criteria & Factors
Controlled

SIMULT: 24.5
(5.43)
EB: 24.1 (3.28)
LB: 23.9 (4.16)

Normal hearing.
Bilingual speakers of English and French,
with either as their L1 (no third language).
Simultaneous bilinguals self-reported
which language was their dominant
language. Participants used their L2
between 5% to 95% of the time.
Average self-rated proficiency in both
languages was moderately to highly
proficient.
Control Factors:
AoA groups did not differ in
chronological age, self-rated speaking and
listening proficiency in both languages, or
percentage of L1 and L2 language use.
All AoA groups self- reported greater L1
speaking proficiency compared to L2.
Similar performance on the fluency task
between L1 and L2 for all AoA groups.
Groups were matched on L1 and L2
language performance and working
memory.

Golestani,
et al.
(2013)

9
0:9

NA

Native French speakers.
Learned a second language in school
(English, German, or Spanish) from the
ages of 10 - 18, and a third language
(English, German, or Spanish) from the
ages of 12 to 18.
None spoke a second or third language
proficiently.
Regularly exposed to L2 after 11 years
old.
Lived in an English-speaking environment
for six months to three years prior to
testing.
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Control Factors:
Related and unrelated primes across lists
and the number of syllables in each one,
different lists were used per participant to
avoid stimulus-specific effects, and visual
foils were semantically matched to target
words with respect to number of syllables.

Golestani,
et al. (2009)

9
0:9

NA

HervaisAdelman et
al.
(2014)

9
0:9

NA

Note: In this study, speech recognition
was only tested in the native language,
however, the following studies (HervaisAdelman et al., 2014) tested the same
group of participants in their non-native
language and compared the results to this
study.
Native French speakers
Moderately fluent in English
Learned a second language in school
(English, German, or Spanish) from the
ages of 10 to 18, and a third language
(English, German, or Spanish) from the
ages of 12 to 18.
None spoke a second or third language
proficiently.
Regularly exposed to L2 after 11 years
old.
Control Factors:
The effect of other factors i.e. syntax or
prosody on native language benefit.
Related and unrelated primes across lists
and the number of syllables in each one,
stimulus-specific effects, and visual foils
were semantically matched to target
words with respect to number of syllables;
differential phoneme recognition effects
in noise.
Native French speakers.
Learned a second language in school
(English, German, or Spanish) from the
ages of 10 to 18, and a third language
(English, German, or Spanish) from the
ages of 12 to 18.
None spoke a second or third language
proficiently.
Regularly exposed to L2 after 11 years
old.
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Kousaie et
al. (2019)

0:30
SIMULT: 10
EB: 12
LB: 8

Mayo et al.
(1997)

31
9:22
SIMULT: 3
EB: 9
LB: 9

SIMULT:
23.1 (2.9):
EB:
24.8 (3.9):
LB:
26.6 (3.7)

MON:
20-29
SIMULT: 21- 35
EB: 22-37
LB: 21-49
Note: average age
was not
presented,
therefore the age
range is
displayed.

Lived in an English-speaking environment
for six months to three years prior to
testing.
Note: This study extended the Golestani et
al., (2013) study to the non-native
language of the same participants.
Simultaneous bilinguals determined their
“native” language in which they used
more frequently.
Normal hearing.
No knowledge of a third language.
No history of traumatic brain injury,
neurological disorders, or medical
conditions.
Non-musicians.
Highly proficient in both English and
French.
Control Factors:
Groups were matched across language,
working memory and general intelligence.
Sentence length was matched across HP
and LP conditions, target words were
matched across languages in terms of
spoken frequency, phonological
neighborhood density, image-ability, and
familiarity.
All participants had similar performance
on objective measures of L2 proficiency
or self-reported usage of each language.
Normal hearing.
Bilinguals spoke fluent Spanish and
English (determined by faculty at the
University of Texas and/or an interview
with the first author).
The bilingual listeners and/or one of their
parents were born in Mexico.
Communicated with a parent in Spanish.
English was used for daily
communication for at least 3 years, by the
time of testing.
Average duration of exposure (years):
EB: 24 ; LB: 9.4
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Reetzke et
al.
(2016)

24
12: 12

7.33 (1.23): 7.33
(1.23)

Schmidtke
(2016)

101
53:48

20.6 (2.4):
20.8 (2.8)

Shi
(2010)

40
8: 32
SIMULT: 8

MON: 27.25
(NA):
SIMULT: 28
(NA):

Normal hearing
No history or current diagnosis of a
speech, language, or neurodevelopmental
disorder
Normal intelligence
English speaking and comprehension
proficiency were determined to be highly
proficient based on the language history
questionnaire completed by the subject’s
parents.
Subjects were either born in the United
States or immigrated soon after.
Bilingual language combinations: 7
Chinese-English, 4 Arabic-English, and 1
English-Spanish participant.
In the 24 months prior to testing,
bilinguals use English at least 60% of the
day and the non-English language, 20% of
the day, according to parent report.
Control Factors:
Influence of linguistic knowledge on
speech recognition in noise and linguistic
bias between groups. Monolinguals and
bilinguals were matched on age and
family socioeconomic status.
All participants had to be between 18 and
35 years old and considered monolingual
or early bilingual.
Vocabulary size was used to estimate
language exposure.
Subjects filled out a questionnaire about
musical experience, parental education
and use of English, and bilingual
participants’ use of English and Spanish
during their childhood and adolescence.
Duration of Exposure:
Bilingual participants spent 64.6% of their
time listening in English, 65.5% speaking
in English and 81.3% of their time reading
in English.
Verbal ability was controlled for.
Normal hearing.
Inclusion criteria was AoA per group.
Bilingual proficiency assessed through a
language experience questionnaire.
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EB: 8
LB: 8
VLB: 8

EB: 26.13 (NA):
LB: 31.62 (NA):
VLB: 38.23 (NA)

Shi
(2013)

43
10: 33

35 (12.51):30
(7.61)

Skoe &
Karayanidi
(2019)

24
12:12

20.30: 21.31

Self-rated average proficiency of listening
in English between 0 -10:
SIMULT: 9.75; EB: 9.38; LB: 8.50; VLB:
7.25
Average length of immersion in the US
(years) for the bilinguals: SIMULT:
27.13, EB: 20.74, LB: 12.40, VLB: 8.29
Based on the Shi (2012) study.
Normal hearing.
Exclusion criteria: AoA prior to six years
old, English proficiency level of less than
“adequate” in listening, speaking, and
reading.
Bilinguals were considered late bilinguals
with adequate English proficiency.
13 bilinguals reported Russian to be their
native language, 12 Spanish, two
Ukrainian, one Arabic, one Haitian
Creole, one Greek, one Polish, one
Portuguese, and one Urdu.
All bilinguals were born in a non-English
speaking country.
Participants considered English to be their
dominant language at the time of testing.
The non-English languages included
Bangla, Japanese, Mongolian, Polish,
Portuguese, Serbian, Spanish, Tamil, and
Telugu.
Students at the University of Connecticut
No history of hearing impairments or
speech language pathology.
Participants rated their proficiency as
“native-like” in English, as well as the
non-English language they speak, through
a survey of bilingual background and
language exposure.
Average exposure to the non-English
language was 29.1% (SD: 14.43%), at the
time of testing.
The survey also asked about their reading
confidence in their non-English language.
Control Factors:
Matched with respect to age, self-rated
English proficiency, bilateral PTA, and
maternal education (as an indication of
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socioeconomic status), and years of
musical training.
Tabri et al.
(2010)

34
9:13:12

30(5.2):
27 (5.1):
26.5 (4.0)

Highly fluent in English.
Normal hearing.
Inclusion criteria: AoA < 6 years old, > 5
years of formal education in English,
rated themselves fluent or very fluent in
written and spoken English, spent a
majority of their time reading, listening to
music, or watching TV and films in
English, and communicated in English
more than 25% of the time.
English fluency, proficiency, and use
were evaluated by interview and
questionnaire. Only selected for
participation if they were judged as highly
fluent. Self-rated fluency in written and
spoken English.
All participants had a college degree or
were undergraduate students (classes were
taught in English).
Years of formal education in English:
Monolingual: > 15 years; Bilingual: 10-17
years; Trilingual: 6 - 15 years
Control Factors:
AoA for the L2 or 3rd language.
Duration of L2 or 3rd language study.
Degree of L2 or 3rd language usage
and exposure.

Table 1. The second column (from the left) lists the total number of participant’s included in
each study as well as the ratio of monolinguals (MON): bilinguals (B). For studies that included
multiple subgroups representing the different AoA, the group sample size was further broken
down as “simultaneous bilinguals” (SIMULT), “early bilinguals” (EB), “late bilinguals” (LB),
and “very late bilinguals” (VLB). Tabri et al. (2010) also included trilingual subjects, therefore
the ratio in column two is depicted as MON: B: trilingual. For consistency purposes, terms used
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to describe the participant groups in this review may differ from those used in the study, as
previously mentioned (i.e. Mayo et al., 1997; Shi, 2010). The third column shows the
participants average age (standard deviation) at the time of testing for MON: B. For studies that
included multiple subgroups, the participant average ages are broken down by subgroup as well.
Testing Procedures Used
All 12 studies included in this review use a method of behavioral testing to determine the
effectiveness of semantic context in facilitating speech recognition in background noise in
bilinguals. Of the 12 studies, eight use a version of the SPIN test (i.e. Revised-SPIN, Reverberant
SPIN) and one study utilizes BEL sentences. Three of the remaining studies use auditory and/or
visual versions of the retroactive word priming paradigm while the subjects undergo an fMRI in
two of those three studies. The specific tests utilized in each study are listed in Table 2 under
“Dependent Variable.”
Of the 8 studies that utilize a version of the SPIN test (Kalikow et al, 1977; Bilger et al,
1984), 6 studies performed only behavioral testing and used the SPIN alone, while one study
(Coulter et al., 2020) used the SPIN in conjunction with fMRI testing, and one (Kousaie et al.,
2019) in conjunction with measurement of the N400 event-related brain potential (ERP), through
electroencephalography (EEG) testing. The SPIN is made up of 400 sentences presented as eight
lists of 50 sentences (Kalikow et al, 1977; Bilger et al, 1984). The sentences are presented in
different conditions that vary by level of semantic context (HP, LP) and noise. Each sentence
ends with a monosyllabic target word and each target word is utilized twice, once in LP and once
in HP (total of 200 target words in each level). In each list, half of the sentences are considered
HP sentences which include semantic clues related to the target word, and half of the sentences
are considered LP, which do not contain any semantic clues. The eight studies that utilize the
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SPIN test have similar procedures, but vary in their type of noise and SNR levels. The type of
noise and SNR levels used in each study can be found under “other independent variables” in
Table 2. In addition to varied SNR, studies by Shi (2010; 2013) utilize two levels of
reverberation time (RT) in addition to the noise in order to simulate real world acoustics of a
classroom (1.2 s RT) and auditorium (3.6 s RT).
Although most of the studies included in this review utilize the SPIN test to assess the use
of semantic context, other behavioral tests included the forced choice visual recognition task in
the auditory modality (Golestani et al., 2009; 2013; Hervais-Adelman et al., 2014) and the BEL
procedure (Reetzke et al., 2016). In comparison with the SPIN, instead of using sentences, the
forced choice visual recognition task utilizes the retroactive priming paradigm (Bernstein,
Bissonnatte, Vyas & Barclay, 1989) using word pairs (Golestani et al., 2009). The purpose of
using word pairs instead of sentences is to isolate the possible contribution of semantics to the
native language benefit during speech recognition in noise. During this task, two sets of 520
words pairs are generated into two lists (Golestani et al., 2009). One list uses word pairs made up
of a prime word matched with a semantically related word. The second list uses word pairs that
are made up of a prime word and a semantically unrelated word. Half of the participants are
presented with one list and the other half are presented with the second list. Furthermore, there
were two versions of each list where they were each embedded in different levels of noise. Half
of the participants in each subgroup were tested with one version and half with the other. For
each trial, participants heard a pair of words, either semantically related or unrelated. The first
word was considered the “prime” word and was degraded in different levels of noise. The second
word was considered the “target word” which was always clearly audible. Right after the target
word was heard, the participants saw two visually presented words. One word was the prime and
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the other was a semantically related foil. The participants had to decide which of the two visually
presented words corresponded to the prime by pressing a left button for the word on the left side
of the screen and a right button for the word on the right side of the screen within 1.5 seconds.
There were 26 stimuli presented per condition, which resulted in a total of 130 related and 130
unrelated word pairs in each language. Each participant performed 520 trials total. This method
was used also in conjunction with fMRI in two studies (Golestani et al., 2009; 2013).
Another behavioral test used by Reetzke et al. (2016) was the Basic English Lexicon
(BEL) sentences controls for the influence of linguistic knowledge on speech recognition in
noise (Calandruccio & Smiljanic, 2012). The BEL body of sentences was developed as a speech
recognition test for monolingual and bilingual speakers with the specific purpose of using lexical
items with which a bilingual listener with limited knowledge of the English lexicon and syntax
would be familiar. It includes 20 lists of 25 sentences, however, only 80 sentences were selected
for the experiment performed by Reetzke et al., (2016). The 80 sentences selected were made up
of simple vocabulary that an elementary school-age child would be familiar with (e.g. “mouse”,
“eggs”, “rabbit”, “car”, “tree”), including 4 key words that would be scored. For example, “The
white (1) mouse (2) ran (3) into the house (4).” Adding or omitting a morpheme to any word
would be considered incorrect. The experiment was conducted as such: 4 sentences with 16
keywords for scoring were presented in each combination of masker, SNR, and presentation
modality in a randomized order. The child was instructed to listen and then repeat the entire
sentence they heard out loud. If they only understood parts of the sentence, they were asked to
repeat the parts they understood. If they didn’t understand any words, they were asked to say a
specific word.
Table 2 displays the research design and results including the dependent and independent
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variables, as well as the significant behavioral results. All results not mentioned in the table were
found to be statistically insignificant. For studies that conducted functional magnetic resonance
imaging (fMRI) and electrophysiological testing, the results will be presented in Table 3.
Table 2
Research Variables and Significant Behavioral Results
Author

Independen
Other
Dependen
Significant Results: Behavioral Testing
t Variable: Independen t Variable
AoA
t Variables
(years)
Coulter
SIMULT:
Noise:
1. SPIN
Main effect of semantic context (p < .001),
et al.
both from
eight-talker
2. N400
with all groups being more accurate on HP
(2020)
birth
babble with
ERP
conditions.
EB: < 5
a slight
Other
Main effect of noise (p < .001); all groups
LB: > 5
temporal
objective
were more accurate in quiet.
jitter
measures: All subjects benefitted from context in noise
Language
more than in quiet.
SNR:
proficienc
Main effect of language (p = .001), which
+1 dB, no
y and
interacted with group (p = .031), with
noise
working overall less accurate use of semantic context
memory
in L2 for the LB only.
tests
Golestan
10-18
Noise:
1. Forced
Main effect of SNR (p < 0.05) with faster
i et al.
Speech
choice
RT at higher SNRs, better use of context (p
(2013)
shaped
visual
< 0.001) at higher SNRs.
noise
recognitio Main effect of semantic context (p < 0.05),
SNR (dB
n task
with faster RT on HP than LP trials.
SPL):
2. fMRI
SNR by semantic context interaction (p =
-7, -6, -5, no
0.13) with only a benefit of context at the
noise
lowest SNR (p < 0.05).
Golestan
> 11
Noise:
Auditory
Main effects of language (p < .05) with
i et al.
Multi-talker version of
performance better in the L1 than the L2.
(2009)
babble
the
Main effect of SNR (p < .001), with
retroactive performance better with higher compared to
SNR:
word
lower SNR levels.
-7 dB, -6
priming
dB, -5 dB, - paradigm
Semantic context was not significant (p
4 dB no
>.05), but there was a significant language
noise
by semantic context interaction (p < .001).
In French, performance is better on the HP
than LP trials (p < .01), and in English,
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performance is better on LP compared to
HP trials (p < .05).
HervaisAdelman
et al.
(2014)

> 11

Kousaie
et al.
(2019)

SIMULT:
both French
and English
from birth
EB: 4.7
(0.6)
LB: 6.9
(1.1)

Noise:
Speech
shaped
noise

1. Forced
Main effect of language (p = 0.001), with
choice
faster reaction times (RT) and better
visual
performance (p = 0.006) in the L1 compared
recognitio
to the L2.
n task –
Main effect of SNR (p = 0.001), with faster
SNR (dB
auditory
RT and better performance at relatively
SPL):
version of
higher SNRs.
-7, -6, -5, no retroactive
Main effect of context (p = 0.001) with
noise
word
faster RT on HP than LP.
priming
paradigm
Significant interaction between language
(Bernstein
and SNR (p= 0.049) and a significant
et al.,
language by context by SNR interaction (p
1989)
= 0.018); faster RT to HP only in French at
the lowest SNR of -7 only (p = 0.0001).
2. fMRI
Noise:
1. RMain effect of language (p < .01); error
multi-talker
SPIN
rates were larger in participants’ L2
babble
2. fMRI
compared to their L1.
Main effect of semantic context (p < .01);
SNR:
Other
error rates were larger in LP than HP
no noise, -6 objective
conditions
dB
measures: Main effect of noise (p < .01); larger error
Fluency
rates in noise than quiet.
and
Interaction between language,
working
predictability, and noise (p < .01), showing
memory
that error rates were larger in the LP
tests.
condition in noise only, and that the effect
of language was larger in the HP stimuli.
Main effect of language in quiet (p = .03)
showing that responses were less accurate in
the L2 compared to the L1.
In noise, there were main effects of
Language (p < .001) and semantic context
(p < .001), as well as a significant
interaction between them (p < .01),
indicating that responses were less accurate
in the L2 in the LP condition.
Significant effect of semantic context for all
groups in both languages (p ≤ 0.01), with
exception of the LB group, where there was
no semantic context effect in L2 (p = .22).
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Mayo et
al.
(1997)

SIMULT:
From birth
EB: < 6
LB: > 14

Noise:
Competing
babble-type
noise
(Bilger et
al., 1984;
Kalikow et
al., 1977)
Sentence
level:
70 dB SPL
Noise
Level (dB
SPL):
50, 55, 60,
70

Reetzke
et al.
(2016)

<3
*AoA was
simultaneou
s for 5 of
the
participants.

SPIN

Main effect of group in L2 only (p < .01).
Noise Tolerance Level (NTL):
Main effects of group (p ≤ 0.0001) and
semantic context (p ≤ 0.0001).
The MON, SIMULT, and EB listeners show
similar NTLs, whereas the LB listeners
show lower NTLs for both the LP and HP
conditions.
NTLs were significantly higher for the HP
condition.
MON group had significantly higher NTLs
than the SIMULT and EB group, which had
significantly higher NTLs than the LB
group.
Slopes of psychometric function:
Significant effects of group (p ≤ 0.0001)
and semantic context (p ≤ 0.0001) as well as
a significant interaction between them (p ≤
0.02).
The MON group had significantly steeper
slopes than the SIMULT and EB group for
both HP and LP conditions.
The SIMULT and EB group had
significantly steeper slopes than the LB
group for HP sentences, but not LP
sentences.
The MON, SIMULT, and EB groups had
significantly steeper slopes for the HP
condition, but the LB group showed almost
no difference between the slopes for the HP
and LP conditions.

The NTLs and slopes decrease with
increasing age of onset of learning.
Modality:
BEL
Effect of language group was not significant
Audio-only; sentences
(P = 0.156, pink noise; P = 0.414, twoaudiovisual
talker) indicating that there was no
Noise:
Other
difference in performance between
steady- state objective
monolinguals and bilinguals.
pink noise, measures:
Main effect of SNR was significant (P <
two-talker Intelligenc
0.0001) where improving the SNR
babble
e test
improved performance on the task.
SNR range:
Main effect of modality was significant (P <
0 to -16 dB
0.0001), with better performance on the AV
compared to the AO condition.
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Schmidt
ke
(2016)

<8

Shi
(2010)

SIMULT:
<2
EB: 5- 7
LB: 10 -15
VLB: ≥ 22

Noise:
12 talker
babble
SNR:
-2 dB, 3 dB

R-SPIN

Better performance in higher SNR and HP
condition. Overall, monolinguals were more
Other
accurate than bilinguals.
objective
In high SNR, the difference between
measures:
monolinguals and bilinguals was smaller
verbal
than in low SNR, but this interaction did not
working
reach significance.
memory,
Significant interaction between semantic
auditory
context and language (p < 0.001); the effect
attention
of semantic context was larger for
test, and
monolinguals than bilinguals.
English
oral verbal
The main effect of frequency was
ability
significant (p = 0.014), showing that high
tests.
frequency words were recognized with
greater accuracy than low frequency words.
The interaction between frequency and
language group was also significant (p =
0.017).
Noise:
Reverbera
Main effect of noise (p < 0.001),
Multi-talker
nt SPIN
reverberation (p < 0.001), and context (p <
babble
0.001); performance was significantly better
SNR:
with high SNR, low reverberation and HP
+6 dB, 0 dB
for all groups.
RT:
Main effect of listener group (p < 0.001);
1.2 s, 3.6s
VLB listeners performed significantly
worse than all other groups in all conditions.
Conditions:
Significant interaction between noise by
+6 dB SPL,
context (p = 0.003), noise by reverberation
1.2s RT
by context (p = 0.035), noise and group (p
+6 dB SPL,
<0.001), reverberation and context (p =
3.6s RT
0.002), and reverberation by context by
0 dB SPL,
group (p = 0.015).
1.2s RT
LB listeners’ performance was significantly
0 dB SPL,
poorer than that of MON listeners (p< .001)
3.6s RT
for low reverberation conditions.
VLB listeners performed significantly
poorer than LB listeners for the HP/high
reverberation and the LP/ low reverberation
conditions.
Although MON, SIMULT, and EB listeners
obtained comparable scores, average
performance decreased in the order of
MON, SIMULT, and EB for most test
conditions.
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Shi
(2013)

Skoe &
Karayan
idi
(2019)

>6

<9
0-3 (8)
3-6 (3)
6-9 (1)

Noise:
12 talker
babble
recorded
SNR:
+6 dB, 0 dB
RT: 1.2s,
3.6s
Conditions:
Mild: +6 dB
SPL, 1.2s
RT
Moderate: 0
dB SPL,
1.2s RT
Severe: 0
dB SPL,
3.6s RT
Noise:
12 talker
babble
SNR:
3 dB, 0 dB

R-SPIN

The severity of reverberation did not affect
performance for the MON and SIMULT
groups within the HP or LP conditions;
however, context affected the subjects
performance more than reverberation at the
two levels of noise.
Use of semantic cues in the HP sentences
(i.e. the k) was comparable across listening
conditions (p > 0.05 in all cases i.e. mild,
moderate, severe) for MON, but were much
lower for bilinguals in all conditions.
k was significantly greater for the moderate
than the severe condition (p = 0.017).
The performance in the mild condition for
bilingual listeners was significantly worse
than the severe condition.
A significantly lower k was found in
bilinguals than MON listeners for all
conditions, suggesting that, regardless of
listening conditions, bilinguals did not
process semantic information as well as
MON listeners.

R-SPIN
Other
objective
measures:
Central
auditory
processing
tests.

Main effects of SNR (p < 0.005) and
semantic context (p < 0.005) were observed
with less benefit obtained during the 0 dB
SNR condition and in the LP condition.
Significant interaction between context use
and SNR (p = 0.001); benefit of context,
however, was different across the two SNR
conditions with greater benefits of context
observed for the 0 dB SNR (more difficult)
condition.
Main effect of group (p = 0.09).
SNR by group interaction was NOT
significant (p = 0.65) as performance
decreased in both groups when the SNR
dropped from 3 to 0 dB.
Bilingual group did differ from the
monolingual group in terms of how much
they benefitted from context. Significant
interaction of semantic context and group (p
= 0.001). Groups had equivalent
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performance in the LP condition (p = 0.84)
but differed in the HP condition (p = 0.01).
Interaction between group, SNR, and
semantic context was not significant (p =
0.91), suggesting that the differential effect
of semantic context for the two groups did
not differ as a function of SNR.
Tabri et
<5
Noise:
R-SPIN
Main effect of language (p < 0.01),
al.
multi-talker (Bilger et
semantic context (p < 0.0001) and noise
(2010)
*exposure
noise
al. 1984)
level (p < 0.0001).
to second
Monolinguals had significantly better
language
Stimulus
performance than bilinguals (p < 0.05) and
was prior to
Level:
trilinguals (p < 0.001).
age 5 while
70 dB SPL
Bilinguals and trilinguals did not differ
the third
significantly.
language
Noise
All noise levels differed significantly from
was prior to
Level:
each other (p <0.01).
age 6
50 dB, 55
Significant interaction between language
dB, 60 dB,
and noise level (p < 0.01).
70 dB SPL
Significant differences in performance
between monolinguals and the other groups
only at 65 and 70 dB SPL.
Significant interaction between semantic
context and noise (p < 0.0001) except at 70
dB SPL.
Main effect of language and semantic
context due to higher NTLs in MON than
either bilingual (p < 0.01) or trilingual (p <
0.01) listeners.
Table 2. AoA for each study can be found under “Independent Variable: AoA.” The age reported
specifically refers to the age at which the bilingual subjects acquired their L2. If the study uses
bilingual subgroups to categorize its’ participants, the AoA is specified per subgroup. The
subgroups were referred to as follows: as “simultaneous bilinguals” (SIMULT), “early
bilinguals” (EB), “late bilinguals” (LB), and “very late bilinguals” (VLB). If monolingual
participants were included in the study, there was no information reported in the AoA column
pertaining to them. The additional variables manipulated in each study such as, SNR, type of
noise, and specifics about modality or condition used can be found under “Other Independent
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Variables.” The significant results reported under the column titled “Significant Results:
Behavioral Testing” presents all main effects and interactions found on the behavioral tests
conducted in each study. The term “predictability” was replaced with “semantic context” in order
to maintain consistency throughout this review.
Of the 12 studies reviewed, seven compared performances between monolinguals and
bilinguals (Figure 1), four studies looked at bilinguals’ performance in their native language
compared to their non-native language, and five studies compared performance between
bilinguals of differing AoA (Figure 2). Analysis of the results are broken down as such:
Figure 1 shows the pattern of results observed in the seven studies (Coulter et al., 2020; Kousaie
et al., 2019; Mayo et al., 1997; Shi, 2010; Shi, 2013; Skoe & Karayanidi, 2019; Tabri et al.,
2010) that used the SPIN test to assess context use in facilitation of speech recognition in noise
in bilinguals compared to monolinguals. Of the seven studies, five found that in noise, bilinguals
do not benefit from context to the same extent as monolinguals, if at all. The two remaining
studies found that, in noise, bilinguals benefit from context to the same extent as monolinguals.
Additionally, none of the studies reviewed found that bilinguals use context to aid in speech
recognition in noise to a greater extent than monolinguals.
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Figure 2
Monolingual vs. Bilingual Benefit from Semantic Context in Noise

Figure 2. The chart presents the results obtained on the seven studies which assessed the use of
context in monolingual versus bilingual to facilitate speech recognition in noise. The X- axis
represents the results of the studies (i.e. monolinguals benefitted from context more than
bilinguals, monolinguals and bilinguals equally benefitted from context, or bilinguals benefitted
from context more than monolinguals). The Y-axis represents the number of studies (%), out of
the seven total, that found the corresponding conclusion.
Of the four studies that evaluated bilingual use of context to facilitate speech recognition
in noise, in their L1 compared to their L2, all studies resulted in a similar conclusion that late
bilinguals do not benefit from predictability specifically in their L2. Golestani et al. (2009) found
that their group of late bilinguals benefitted from context in their L1 more than their L2, as they
did not actually show significant improvement on HP conditions from LP conditions in their L2.
Furthermore, they also exhibited better speech recognition in noise on LP sentences in their L1
than L2. Similarly, Kousaie et al. (2019) found that only the late bilingual group did not benefit
from context in their L2, while the simultaneous and early bilingual groups exhibited significant
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benefit from context use in both their L1 and L2 languages. In 2014, Hervais-Adelman et al. also
found better use of context in noise in the late bilingual listeners L1 than their L2. Coulter,
Gilbert, Kousaie, and Baum, (2020) evaluated simultaneous, early, and late bilinguals, and found
that only the late bilingual group did not use context to facilitate speech recognition in noise in
their L2 as well as in their L1. All four studies that assessed context use in the subjects L1
compared to L2 to facilitate speech recognition in noise, found late bilinguals do not benefit from
context in their L2 as well as in their L1, if at all.
Figure 3 demonstrates use of context by AoA in each of the studies that analyzed the
effect of AoA on context use to aid in speech recognition in noise. Of the five studies that assess
the ability to use context to facilitate speech recognition in noise in the different bilingual
subgroups (i.e. simultaneous, early, or late bilinguals) based on AoA, four studies found that the
benefit obtained from use of context was significantly dependent on AoA. Two of these studies
emphasize that only the late bilinguals did not significantly benefit from context. The study by
Mayo et al. (1997) found that not only do early bilinguals benefit from semantic context use, but
also that late bilinguals do not perceive significant benefit from context at all. Similarly, results
by Kousaie et al. (2019) showed that the earlier that AoA, the more benefit obtained from
contextual information in that the late bilingual group was not able to use context to facilitate
speech recognition in noise in their L2. The simultaneous and early bilingual groups, however,
significantly benefitted from context in both their L1 and L2. Coulter et al. (2020) found that
simultaneous bilinguals benefit from context similarly to monolinguals and that early bilinguals
also benefit from context use significantly more than late bilinguals. Late bilinguals in this study,
however, do benefit from context to a certain extent although not as much as the other groups
with earlier AoA. Shi (2010) also found that benefit of context is dependent on AoA, as average
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performance in the most difficult listening condition (HP/high noise/high reverberation) on the
SPIN decreased as AoA increased. Additionally, one study found that all bilingual subgroups
were able to use context to facilitate speech recognition in noise to the same extent. However,
this study only compared simultaneous and early bilinguals, who acquired their second language
before age 5 (Tabri et al., 2010), while the other 4 studies found significant difference
specifically with late bilinguals.
Figure 3
Use of Context by AoA Based on SPIN Test Performance

Figure 3. The X axis represents the AoA. The Y-axis represents the five studies that investigated
the affect of AoA on the ability to use context to facilitate speech recognition in noise. Blue
shapes represent significant benefit obtained from semantic context in the corresponding
subgroup. Red shapes indicate no benefit obtained from semantic context in the corresponding
subgroup. The different shapes represent the way the authors described the different bilingual
subgroups based on AoA.
For the purposes of this review, the analysis conducted is primarily based on the
behavioral testing performed in the studies reviewed, however, some of the same studies also
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collected fMRI (Hervais-Adelman et al., 2014; Golestani et al., 2013; Kousaie et al., 2019) or
electrophysiological data of the N400 ERP (Coulter et al., 2020), which is presented in Table 3.
Table 3
Significant Imaging and Electrophysiological Results
Author
Coulter et
al., (2020)

Dependent
Variable
N400

Significant Results
N400:
Amplitude
Main effect of predictability (p < .001); amplitudes were more negative
for LP compared to HP sentences.
Amplitudes were more negative in quiet compared to noise (p=.013).
Language by group interaction; amplitudes were more negative in L2 for
the EB only (p = .017).
A main effect of electrode (p < .001).
Latency
The N400 peak latency was longer for LP sentence than HP sentences
(p<.001), as well as in quiet compared to noise (p < .001).
N400 Effect:
Amplitude
Electrode by group interaction; the N400 effect was larger at anterior
electrode sites for EB compared to LB and more negative in EB
compared to SIMULT (p = 0.058).
Latency
The N400 effect was later in quiet compared to noise (p = 0.039).

Golestani et
al. (2013)

fMRI

Topography by regions of interest
Average amplitudes for the left and right posterior electrode clusters were
more negative compared to anterior electrode clusters (p < .001).
SIMULT showed more negative average amplitudes for posterior
compared to anterior electrode sites.
Main effect of SNR; greater activation in the left angular gyrus, the
posterior cingulate gyrus, and adjacent precuneus, as well as the right
angular gyrus, the medial orbitofrontal gyrus, and the anterior cingulate
cortex (p < 0.001)
The higher the noise, the more activation in the anterior insula/frontal
operculum bilaterally, both the left and right inferior frontal gyrus (IFG),
and left posterior superior temporal sulcus (STS) and middle temporal
gyrus (MTG).
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HervaisAdelman et
al. (2014)

fMRI

Main effect of context; more activation in the left angular gyrus and in
the right angular gyrus during the HP conditions.
Main effect of context; more activation in the left and right mid-STS,
during in LP trials.
Main effect of context; greater activation in the left angular gyrus (p =
0.001) during HP trials.
Main effect of context; greater activation in the right mid - STS and MTG
on LP trials.
Significant interaction between context, SNR, and language, in the right
cerebellum, the left planum temporale and the left post central gyrus.

In English, there is greater activation in the right post-central gyrus, the
right anterior cingulate cortex, the middle cingulate gyrus, and the left
thalamus, during HP trials at lower SNRs.
In French, there was greater activation in the same areas during HP trials
at higher SNRs.
Kousaie et
fMRI
Interaction between group and language in a region of the anterior left
al. (2019)
IFG (LIFG).
Activation in the LIFG was modulated by AoA, in L2 only.
SIMULT had more activation in the LIFG during LP stimuli (p < 0.01).
EB had equal activation of the LIFG for the HP and LP conditions.
LB had more activation in the LIFG in response to HP stimuli (p < 0.01).
Table 3. This table represents the results obtained specifically from fMRI or measuring the N400
response. The third column specifies all significant results obtained in each of the 4 studies.
Bilingual subgroups may be referred to as follows: “simultaneous bilinguals” (SIMULT), “early
bilinguals” (EB), “late bilinguals” (LB), and “very late bilinguals” (VLB).
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DISCUSSION
The purpose of this review was to determine the effect of linguistic background on the use of
context to enhance speech recognition in adverse listening conditions. More specifically, this
review looked into the use of context by both bilinguals, with different AoA, as well as
monolinguals.
Use of Semantic Context by Monolinguals vs. Bilinguals
Of seven studies that compare monolingual versus bilingual ability to use context in
facilitation of speech recognition in adverse listening situations (Tabri et al., 2010; Skoe &
Karayanidi, 2019; Shi, 2013; Shi, 2010; Schmidtke, 2016; Reetzke et al., 2016; Mayo et al.,
1997), five studies found that bilinguals are not able to use context as well as monolinguals
(Skoe & Karayanidi, 2019; Shi, 2013; Shi, 2010; Schmidtke, 2016; Mayo et al., 1997). Three of
these five studies (Mayo et al, 1997; Shi, 2013; Shi, 2010) used late bilingual subjects whose
AoA was age six or later. One study by Schmidtke (2016) used bilingual subjects he considered
to be “early bilinguals” in his comparison to monolinguals. The subject group included
individuals whose AoA was from birth up to eight years old. His research showed that the early
bilinguals were not able to use semantic context to assist speech recognition in noise to the same
extent as monolinguals. Another study by Skoe and Karayanidi (2019) categorized their bilingual
participants based on AoA in three year increments (i.e. 0-3, 3-6, 6-9). Of the 12 participants
they evaluated, eight were exposed to English between 0-3 years, three were exposed to English
between 3-6 years, and one participant was exposed between 6-9. Similarly, to the results
obtained by Schmidtke (2016), Skoe and Karayanidi (2019) found that monolinguals benefitted
from semantic context slightly more than bilinguals. For additional information on the behavioral
testing performed in each study, please refer to Table 2 in the results section of this review. In
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the study by Skoe and Karayanidi (2019), the bilingual groups performance improved of 28.17%
in the HP condition while the monolingual group improved by 35.5%. Both Schmidtke (2016)
and Skoe and Karayanidi (2019) used a wide age range to define their early bilingual subject
criteria, having grouped individuals that differed substantially in their AoA. Shmidtke (2016)
included individuals with an AoA up to eight years old and Skoe and Karayanidi (2019) used
participants with an AoA up to nine years old as a single group. This means that bilinguals who
were exposed at a very young age were grouped with those we were exposed close to age 8
(Schmidtke, 2016) or 9 years old (Skoe & Karayanidi, 2019). In comparison with some of the
“early bilingual” age ranges defined by other studies reviewed, it seems that eight and nine yearolds are not usually considered to be within the “early bilingual” subgroup. Therefore, as the
individual data is not provided in the original studies, it is not possible to extract the information
and determine if the significance of the results was heavily based on individuals with a narrow
AoA within the general group of bilinguals. Thus, whether or not the data supports the
conclusion that AoA affects the bilingual ability to use context to better recognize speech in
noise cannot be determined. The lack of consistency in the definition of bilinguals and the
various bilingual subgroups may result in misleading conclusions when comparing bilinguals to
monolinguals in their ability to use context to facilitate speech recognition in noise. Bylund,
Hyltenstam, and Abrahamsson (2021) bring light to the notion that comparing bilingual speakers
as a group to monolingual speakers without considering the AoA is problematic when suggesting
that bilingual linguistic behaviors significantly differ from that of monolinguals. Therefore, the
question remains as to whether the differences in linguistic behaviors are simply a result of
mastering more than a single language or the AoA of the L2 (Bylund et al., 2021). Perhaps we
should attempt to achieve greater consistency in how monolingual versus bilingual listeners are
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defined. Although Bylund et al. (2021) do not specify a specific age at which we can then further
classify early and late bilinguals in order to make more consistent comparisons between
monolinguals and bilinguals, their research shows that AoA has a significant effect on ultimate
attainment of the second language.
Effects of AoA on Use of Semantic Context
Of the seven studies that compare monolingual to bilingual use of context (Tabri et al.,
2010; Skoe & Karayanidi, 2019; Shi, 2013; Shi, 2010; Schmidtke, 2016; Reetzke et al., 2016;
Mayo et al., 1997), two of the remaining studies (Reetzke et al., 2016; Tabri et al., 2010) found
essentially no difference between their ability to use semantic context to facilitate speech
recognition in background noise. These studies used bilinguals with an AoA of under three years
old, which the author referred to as simultaneous bilinguals (Reetzke et al., 2016) and under 5
years old, which the author considered as early bilinguals (Tabri et al., 2010). This is in
agreement with Bylund et al. (2021) who point out that when looking into the literature on the
effects of AoA using simultaneous bilinguals, it appears that there is no clear indication of
proficiency or neurophysiological differences between monolinguals and simultaneous
bilinguals. Based on the results obtained in the studies comparing monolinguals and bilinguals, it
seems that most of the results show that the reduced ability to use context to accurately recognize
speech, in comparison with monolinguals, is primarily seen in late bilinguals.
Furthermore, Bylund et al. (2021) investigate the effects of “bilingualism,” as in the
acquisition and/or use of two languages, as well as AoA on the ultimate attainment of the L2.
Bylund et al. (2021) refer to “ultimate attainment” as they investigate a bilingual individuals L2
acquisition resulting in “nativelike” or “non-nativelike” proficiency. They looked at voice onset
time (VOT) to evaluate speech production and perception, morphosyntactic knowledge and
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processing ability, and formulaic language to assess overall language competence and processing
abilities. Of all the assessments conducted within these categories, “bilingualism” did not have a
significant effect on any of the categories independently. There was only one main effect of
bilingualism for formulaic language which occurred in conjunction with a main effect of AoA.
On the other hand, AoA displayed a significant effect for six of the seven assessments, with
exception of VOT, which didn’t have a main effect of AoA or bilingualism. These findings
support the AoA-effects hypothesis that states that ‘nativelikeness’ is a result of language
acquisition that begins at birth, while ‘non-nativelikeness’ is due to later AoA. The research
reviewed in this study strengthens this hypothesis as it suggests that with later AoA, the ability to
use context to support speech recognition in background noise becomes less “nativelike.”
Five of the 12 studies reviewed specifically assess the effects of AoA by using different
bilingual subgroups to further categorize the bilingual participants (i.e. simultaneous, early, and
late bilinguals). Of the five studies that analyzed within subject group comparisons and
specifically looked at the impact of AoA on bilingual individuals’ ability to use context for
speech recognition in noise, four studies (Coulter et al., 2020; Mayo et al., 1997; Kousaie et al.,
2019; Shi, 2010) determined that the earlier the AoA, the more benefit is obtained from context.
Mayo et al. (1997) found that early bilinguals benefit from semantic context significantly more
than late bilinguals, as did Coulter et al. (2020) who found that, overall, only the late bilingual
group did not benefit from semantic context in their L2 as much as the simultaneous and early
bilinguals did. Even more so, the simultaneous bilinguals benefitted from semantic context
similarly to monolinguals. Kousaie (2019) found that only the late bilinguals did not benefit from
semantic context in their L2, while the simultaneous and early bilinguals did. Results by Shi
(2010) also supported this conclusion as average performance on the most difficult listening
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condition (HP/high noise/high reverberation) on the SPIN decreased as AoA increased. Tabri et
al. (2010) found that both simultaneous and early bilinguals benefitted from semantic context;
they did not include late bilinguals in their subject group. All five studies looking into the effects
of AoA on semantic context use in facilitation of speech recognition in noise point to the same
conclusion that the earlier the AoA, the better bilinguals are able to use semantic context to assist
speech recognition in noisy environment. As previously mentioned, Bylund et al. (2021)
emphasize the influence of AoA on L2 mastery. Perhaps this may support the concept of a
possible critical period for second language acquisition. The concept of the critical period for
language acquisition is also a rather controversial topic as different researchers believe the
critical period may be at different times along an individual’s life (i.e. 12 months, 6 years,
puberty, etc.) (Dekeyser, 2000). In our review, the difference among bilinguals in their ability to
use context to help speech recognition in noise, seems to be primarily between subjects who
acquired L2 earlier than six years compared with those who acquired L2 after the age of six
years. All late bilingual groups, who used context clues less efficiently than the groups with
earlier AoA in these five studies, considered subjects over age six.
Several studies report that native-like processing strategies are possible for both languages as
long as they are both learned before the age of seven (Fabbro, 2001; Ullman, 2001; Sabourin et
al., 2014). Sabourin, Brien, and Burkholder (2014) examined the effects of AoA in L2 lexical
processing by investigating lexical organization in a group of bilinguals with differing AoAs.
They used a masked translation priming paradigm to evaluate simultaneous, early, and late
bilinguals, as well as a group of subjects they referred to as L2 learners who had the least
experience in their L2 of all the groups. They applied the cut-off age of seven, as the literature
suggests, when analyzing the results in looking for differences on task performance based on the
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different ages. Results demonstrated significant translation priming effects for simultaneous and
early bilinguals only; suggesting a significant correlation between AoA and translation priming
effects. This correlation supports their hypothesis that early AoA is needed to see “L2-to-L1
cross-language translation priming,” (Sabourin et al., 2014, p. 550) which inherently suggests the
presence of a single lexicon in bilinguals. Therefore, AoA is an important factor in the overall
organization of the bilingual mental lexicon. Silverberg and Samuel’s model (2004) explains that
the organization of the bilingual lexicon is influenced by the individual’s linguistic background
i.e. AoA (Sabourin et al., 2014). Furthermore, the Mapping Hypothesis (Izura & Ellis, 2004)
explains that there are stronger associations between semantic, phonological, and orthographic
representations in the mental lexicon for words learned earlier rather than later, regardless of
which language (L1 or L2). There are several theories on the organization of the bilingual
lexicon, which will not be further discussed for the purposes of this review. However, as lexical
access and lexical retrieval, which was previously discussed in the introduction section of this
review, are important processes for accurate speech recognition in background noise, the
literature that points to early AoA for better lexical access and cognitive processes inherently
supports the conclusion that early AoA also results in better use of context to assist speech
recognition in noisy environments.
Neurophysiological Activation During Bilingual Context Use
Studies that performed fMRI testing in addition to the behavioral tests (Golestani, HervaisAdelman, Obleser, & Scott, 2013; Hervais- Adelman, Pefkou, & Golestani, 2014; Kousaie et al.,
2019) may propose a reason to further investigate the effect of AoA on context use through
imaging studies. Although it is difficult to make conclusions based on this data due to the fact
that only three studies are referenced, they are referred to in support of the behavioral
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conclusions in regards to bilingual ability to use context clues to facilitate speech recognition in
noise. Two of the three studies (Golestani et al., 2013; Hervais- Adelman et al., 2014) analyzed
the same subject group of late bilinguals and found that during high predictability tasks, there
were more activation in the left angular gyrus. They also both found that in low predictability
conditions, there were more activation in the right-mid superior temporal sulcus. Each of the two
studies found other relevant areas of activation that were specific to that study, however, only
these two areas were supported by both studies. Additionally, Kousaie et al. (2019) evaluated
bilinguals of differing AoA using the SPIN task while recording the fMRI. Their imaging results
showed that the late bilingual group had greater activation in the left inferior anterior frontal
gyrus (LIFG) in response to high predictability stimuli. Interestingly, he found different areas of
activation dependent on bilingual subgroup. Simultaneous bilinguals had significantly more
activation in the LIFG during LP trials and early bilinguals had no difference in activation of the
LIFG for the HP and LP trials. Based on the results by Kousaie et al. (2019), it seems to be that
AoA not only influences the behavioral results, but also the areas of activation on the imaging
results. As the areas of activation during context use in bilingual listeners seems to be modulated
by AoA, it may be an interesting topic on which to pursue future research. Different areas of
activation were observed on the fMRI during LP and HP behavioral tasks between the three
studies. However, as only three studies which differed by many factors such as, AoA, behavioral
tasks, and participant criterions, were used, it is not possible to determine any conclusive
findings.
The Interaction Between Group by Use of Semantic Context by Noise with or without
Reverberation
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The studies included in this review reveal that the more degraded the listening scenario,
the more difficulty bilingual listeners have using context clues to facilitate speech recognition in
their L2. Findings by Shi (2013) show that monolinguals are able to use semantic context
consistently regardless of how degraded the listening scenario is, while bilingual listeners’ ability
to use semantic cues depends on the severity of the degradation in that the harder the listening
condition, the less they are able to effectively use semantic clues to help speech recognition.
These conclusions reinforced the findings from Shi (2010) who utilized the same listening
conditions including both noise and reverberation. The fact that he incorporated reverberation in
the acoustic stimuli in addition to the noise is important to emphasize as it seems the
reverberation had a greater effect on the groups than the noise as the interaction between
reverberation, context, and group was significant while noise by context by group was not. Shi
(2010) degraded the listening environment with different levels of reverberation in addition to
the noise in order to emulate a more realistic listening environment. Although listener’s
performance was consistently affected by the noise, the effect of reverberation varied depending
on semantic context and listener group. Intragroup comparisons examining the effect of
reverberation and semantic context on the different bilingual subgroups revealed that
monolinguals and simultaneous bilingual groups were not affected by the overall severity of
reverberation regardless of the level of context. However, the level of context did influence their
ability to recognize speech in the degraded listening environment, as they were better able to
determine what was being said with the help of semantic context clues. This clear pattern, on the
other hand, was not observed for other bilingual groups. For instance, early bilinguals were able
to efficiently use semantic context to facilitate speech recognition in the noise with low
reverberation, however, as the reverberation was increased, they were not able to use context as
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efficiently. Very late bilinguals, on the other hand, were not able to use context as well as any of
the other bilingual subgroups with earlier AoA regardless of the level of degradation of the
signal. Shi (2010; 2013) used reverberation to create a more realistic acoustic environment which
may not be accurately achieved only with noise. As he found that it does in fact affect speech in
noise recognition abilities, perhaps future studies should take this into consideration and
incorporate reverberation into the acoustic stimuli in order to give further insight onto how
bilingual individuals would perform in real-life situations.
Lecumberri et al. (2010) further support this notion that reverberation creates a more
difficult listening environment for bilingual listeners. Nabelek and Donahue (1984) used a
consonant identification task to assess the effects of noise and reverberation on bilingual listeners
and found that bilinguals are significantly more affected by any level of reverberation compared
to monolingual listeners. Furthermore, although intragroup differences show that simultaneous
bilinguals were not affected by severity of reverberation, intergroup differences revealed that all
bilingual subgroups could not use context clues to the same extent as monolinguals to help
speech recognition in the highly degraded listening condition (+0/ 3.6 RT). This suggests that
even with very early exposure to the L2, when the listening condition is highly degraded with the
addition of reverberation, bilingual individuals still may not obtain benefit from context to the
same extent as monolinguals. It may be beneficial for future studies looking into the effects of
adverse listening conditions on context use in bilinguals to focus on a specific type of noise or
level of degradation in an attempt to obtain more conclusive and consistent findings.
Most of the studies reviewed did not include reverberation in their degradation of the
stimuli. Therefore, when assessing the effect of different levels of noise (without reverberation)
on the bilingual subgroups ability to use context to assist speech recognition in noise, it appears
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that the ability to use context in such environments will depend on the AoA. Kousaie et al.
(2019) evaluated use of context in the L1 and L2 of simultaneous, early, and late bilinguals in
noise and in quiet. They found that all groups were able to use context to facilitate speech
recognition in the degraded listening condition in both their L1 and L2, with the exception of the
late bilingual group in their L2. This shows that the later the AoA, the more affected the topdown processing abilities are by the degraded bottom-up signal. Results by Mayo et al. (1997)
further support the fact that the effects of noise on speech recognition are modulated by AoA, as
they found that the simultaneous and early bilinguals are able to use semantic context to assist
speech recognition in noisy environments significantly better than late bilinguals can. The
interaction between group, use of semantic context, and noise with or without reverberation
would be a good topic in which to pursue future research on a larger scale to better understand
how the top-down processing abilities in are affected in bilinguals of different AoA.
The studies in this review broaden the conclusions found in previous research which
emphasize the degradation of top-down processes in bilinguals in noise. It is clear that bilinguals
are more affected by noise than monolinguals when attempting to use top-down processes (i.e.
context use) in such listening environments, however, bilingual participants’ AoA also plays a
role in determining the extent of the effect on completion of such tasks.
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CONCLUSION
In this systematic review, existing literature on bilingual use of semantic context to assist
speech recognition in adverse listening conditions was reviewed in order to determine bilinguals’
ability to do so in comparison with monolinguals. Overall, the literature suggests that bilinguals
do not use context to facilitate speech recognition in noisy environments to the same extent as
monolinguals. However, their ability to do so was found to depend on L2 AoA. Based on the
studies reviewed, the earlier the AoA, the better they are able to use their top-down processing to
make up for the degradation of the signal. Perhaps a limitation of this study is that the studies
included in the review were not limited to one paradigm of testing, specific age groups, and
specific languages. However, the results still point to an overall trend of late bilinguals exhibiting
reduced ability to use semantics to facilitate speech recognition in difficult listening scenarios, in
comparison with monolinguals. In order to be able to better apply the conclusions found in
research in terms of bilingual linguistic processing abilities in comparison with monolinguals, it
is important to set specific definitions or an age cut-off to define bilingual groups (i.e.
simultaneous, early, and late bilinguals). This will allow for better understanding of the effects of
bilingualism on top-down processing abilities in degraded listening conditions with consideration
of the different AoA, as language learning can happen at various points in life.
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